METHOD AND system for automatically determining lines of 

SIGHT BE \VE£N NODES 

Field of the Inventibn 

S The present ihyeatfph rttetes^eterally to wireless networks and more paitkulariy to a 
method for d^ennining fines of sight between fty<* nodes }ri a^yjfeless ioftared mesh 
network 

S^gg^fd oftfe? feyfrrtion 
10 Jja many -m^4^1^i^^^^€M^ Wide W^ ^ WW^ or lntenet, has become a 
significant medium for the exchange of information ioclu^iiig everything from casual 
electronic mail (e*maiJ) to legal and buSiness^iocumenrs to entetainment media. Much 
of^ n^erial filesi lot 

15 forexefaai^ and <Histo^ti^ 



WhOe coinmierdjBJ services 



26 



(xmrniunic^tiom rate at a 
typical consumer 
cbmm\iriications rate at a 



often choose ftst hut e?q*^twltfgh-sp«d Internet 

consumer connections typically use relatively slow 
atypical commertjal r J connection will yield in the 

cost in the raige of $tiPTO to ^000, Li coi^rast a 
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As commercial semces provided 

For Example, atypical aiudio itiay be hi the range of 3-5 Megabytes and take 

anywhere tbm 5 immt&esto ah hour for ac^^ 

telephone modettL A t^icd audio/video file; for example a -^-lei^ tooVi^ may ran 
in the thousffiMte pf ihep bytes ^ inange add take a significant part of a day for a 
consumer to download over a i 
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such as on-demand television and Web pages filled with multimedia effects may be 
impossible to use with a standard telephone modem commotion. 

Itisobviousttetmeabilityof^ large media files is 

* rapidly out^pi^^ 



10 timesthespeed 



several affordable, high-speed aKeraatives have become available to the 

>ne modem. Cable modems use the cable tetevision infi^stiucture to 
a maximum speed ofabout 1,500 Kbps, over 25 
of*telephoiwinod^ 

tomie^MalOThavi^a^^ ^ 

pr«^ at#proxhnateIy twice; the cb» of tefephone modem 
[y mgher costs for equipment 




I S the Wgher speed cable ami DSL oinnecdons are j 



20 



limited, however, by the 



ia^l^inSmmrp, »y areas Of the United Statesmdude regions not serviced 
by cable television or where the cable television network has not and will not be 
upgradedfc support mgh,speed data modems. Similarly, DSL service is not available in 
^etpu^reas^^ 




m son» a^ low d«naad. As with many types 
incremental costs of < 





as ^attempts are made 



last cbmumer; 



Theje thus easts a i 



: connections in areas mat cable 
and/or DSL service;providers may never serve. Thisodemand -will increase as more 
content is provided and more business is executed over the Internet 



10 




service coverage while avoiding the high costs 
network iiu^astrucnire. The ability 
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toextentU network to individual ^^orbomeim^mnoi^^hemeto 
be connected « called ^Last^ile technology" which is basically the infrastruaure at the 
neighborhood level. Last-mile technology carries signals from the broad 
i network alongme relatively short distance 



that extends from 



an access i 



' is through use of a wireless, network 
>9^.iB^«i|#tdN4^lj|^ Wk^ss networks may be 
installed without the need for the wnied mfi^sttucture. Jn a wireless network, 
10 ^Wmagnefew^rathff^ 
the communication path. 



i over part or all of 



Pwjreiess tedinok^ uses ^ 
mth^i^ frequency spectrum. RF netwotfcs however cannot provide aleyel of security 
15 thatisrequired by many bfoadbandusets. Another type 0f wireless networkuses 

! to convey data vialR radiation. 



Infrared radiation is dectromagnetic energy at a wavelength or waveloi^ somewhat 
longw than those of red light The shortest wavdeagra IR bottiere visible red in the 
electromagnetic radiation ^ectimn. me lo^ m 

i IR radiation 





ft 



or"|me^f-si^aK>(ite tadif5j$e 
laticm are jibt directly visible to 
e must be a visually 
I receiver. UnlikeRF 
wireless links, IR wireless cannot pass through walls or other physical obstoictidns r 
However, unUkeRF wkeiess links, a lihe^f-sightm systj^ offen; a level of security 
comparable to hatd-wued ©steins, due to the nature of the invisible and narrow beams 

ter and receiver. 



Taee3oH2 
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is 
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Free,space optics (FSO) refers to the tr^ssion of modulated Visible or infixed beams 
tl**#:ti^o^ to ^Mc^^v^m^e^im: LaSerbeamsaregehemHy 
used, although non-lasing sourcessuch as ligm^mittmg diodes O^Ds)orIR-emittirig 
diodes (1^) may ^ b e osed. FSO works similarly to fiber optic transmissioQ. The 
difference is that the energy beam is «»lUmated and ^through clear dr or space from 
theses At the source, 

the^isible or m energy is ululated with me data to betfansniitted At to destination, 
the beam is mterceptedby a photadetector, thedam isextjtu^ from , the beam, 
(demodulated), and the ifcsulmig signalis amplified and sent to the hardware; 

S SO systems em&nctidnov^ of several idlometers. As long asifaere is a 

dearl^of medi^cally 

Even # me^ m fc ^ 

to i " 



• **®*r. * transport medium, FSO systems are cost-effective and easy 
to deploy. Unlike fiber, there are no heavy capita ittveswients for buildput and thesis 
ho long pre^bnmg delay to set up a FSO .network. In addition, FSO works in an 
^S^l^#«iuency spectraniwiw little br no tr^c ajrreflfly ihthis range, Another 
advantage to FSO networks is that MO netw^ y/hen 
omerntfes^adde*^^ (^b# easily infe«^d:i»y changm^onode 

numbers arid configurations. 





vnoi beenused asa 
i problem in the past. Whifclasere are a cost-efiec^ve 



However,^ a 

communications 



Mom specifically, existing FSO systems have very narrow beam 4ve?gwce parameter? 
requMag^ For ib^^^ laser c»c#enents tend to be expensive 

and laser systems tend to require high levels of mamtemmce and s^vice. In addition, 
30 ^ % or smogihat can block the 

ttananission path and shut down the networik, Therefore, FSO d^tp^ents have been 
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lo^ed relatively close to big hubs, which hasherotofbr limited the tech ao i 0 gjr to 
customers in major cities 



10 access; 



There exists demand for high-speed, afrbrdable Internet co^miections in j 
neighborhoods into which ^ traditional, wired high^p^ network inffastructure 
canr^t be cost-efl^vely extended. &»*mmt*l^mmir&m& 
is increasingly «scd to deUvercontent, imiM*mmm*immi*^4to 
mm^ ^m^^ tadcc^mo imixm^. Whiles© aysteins have been developed, 

to achieve last-mile 



Qne»gnificant : ob^cfeto 
IR nodes such that an unobstructed line^jf-sight is 
invemionji! 
15 between FSO nodes. 



tstiheidifiBcsuhy of setting up the 
^&tw^ nodes, Tn^jaeseot' 
emfe^niaijc^^ lines<)^s|ght 




a neighborhood or other geographical area; 
pts^MveotKH»« 




$5- 
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preseiitiiryention up date from sev^ 
nodes in a FSO network, lire present invention nrnvittes a } 



a, Digital Elevation Models. 

of nodes within 
then#wpi1cofthe 
areas not supporting: 



le present wnmiQa, tftere is provided a method and 
system^detenninmg linW^ 

dimensional space. The meih^d mt^es sdecting a point and a second point for 
processing; determining whether a valid, unobstructed lino-of-sight exists between the 

ant; if a valid, unobstructed Une^&sight exists between the 
Sotot, recording mformaaon abpat the Jirte-o$sjght in a first 
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is 



database; and ifa valid, unobstructed ^ m ^ m ^ b ^ mm 

a«d l¥^pmm^m whether an ahenuuive placement of at least one point 
results in a valid, alternative unobstructed line^f «; ht^ 

. "•• w *w*»gnt petween the first point and the 

second im^ltom^mmm unobstructed hne^f^ doe * exist between the 
first poim anti the second point, recording imm^m^ ^ ,^^ ^^ 
in a second dateba^ repea^ for othw conib.inationS ofpoints 

A method and system ^ detenninine the elevation of a node in* system for 

memodmcludes detoraniung *e no^'slsrouitd f^otl; M&Mftmmt* 
^<*%«^^ 

Iceland mmmm^^m^ 9 ^m( SB; jMetyurf. 

the Hto#p*tf Map was oeternnned byaddingthe height of any objects at ^und 
location to the elevation of tentfn at ^^gfpu^d location. 



20 



25 



30 



Amethod^system lme^f-sght between a fim 

node and a second ^wherein said^ 

im^ei^va|ahteis^4^ 

!^ UnefMtlie ^* nd a 6f %«tom ^fbrthe*^ node, 

io$ is^^orthogonal to the stratgfc line between the nodes; 
Wittageand ^ahernativeposhton datapataineter, 
'' * a distance equal to theresolution toa first 
im line from the current placement of the first 

resolution^ the fira dtt^n atong the^c^ degree of fieedbm line ifooi the current 
placement of the second node- detenainmg if the straight Ime between the first node at 
ement and the second node at the second placement is a valid, unobstructed 
t; if the straight line is a valid, unobstructed line-of-sight, saving the hoe-of- 
me isnola ^ unobstructed IineH>g<iignt, repeating these 





steps until the first node has been moved the 
data parameter. 



in the alternative position 



A method add system for identifying pixels in an aerial image that are part of a fracture 
5 »4»4fel»* Them^iod includes 6btaimi»gffi^ai hnage; dividing the image 
into blocks; for each block, dustering pixels in the image into small regionipf uniform 
0lor and lecture; and identtfcingat least one t^onas :* structure 



10 



15 



20 



25 



*emfor identic tr^ pkels in an aerial image is also disclosed. The 
meftodinch^es^tamii^tte 

creating a statistical model of tree ^or using t|» at least one identified tree; for every 
IH^Vu^mestaiistic^ 
every pixel, tf theprobabim^ythat apkel is atfeei 
I as a tree. 



A method and system for creating a 3-Dimensional map of an area, wherein the 3- 
Dhnensional map identifies every pixel in the area as a tree, bouse or terrain and 
ideiuac^ the elevation of every pixel is also dtselosed Tfcemetbod included obtainhtg a 

determined to 

:-a] 



Isthat 

* city map fipm the tree map and the house 
wherem the ctesrification is selected ftbm 
obtaining height data; obtaining terrain 
for every pixel 





elevaticm oat* and 



t mveruion provides solutions & the shortcomings of prior file 
acquisition and processing techniques. Thpseqfordinary)sfciU m the. art will readily 

, tBtt tnose and other details, ^^ ^a&ir^. arid advantages will become 
uon of thepreferred embodiments. 



30 
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Description af th* Vrawin? Pio^c 

These and other objects, ^^ m^m^M^ mmAmmllh&!0 

<^njijncdpn with the drawing figur^ in which:. 

5 Figure 1 is a d%ummati C view of m infrared ^m^^m In ac^rdance ^ 
tibetavejjtioQi 

%u*e2is ah^level fi^lWiU^^ 

wireless network; 

jQ 2 iinope^ea Jlowhart of the im^ve process of % 

^4is*ik^^ 

i and object map; 

> of creating a house map; 
i 6A>6B coutam a flowchart illustratmgthe^<^ 6: 

15 Figure 
image; and 

^l.are 





a tree map; 
street segments to an aerial 



examples of fiimmg alternative line^ 



Detajlgd 



20 




invention are shown and 
numerals throngliout 



2S-- 
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ases indicated at 102A-E. Mtem&teWffimmi-m&'Qt 

t may block Imes of sight 
between adioining houses. In accordance with the present mvention, a sones of infiared 
netwdrk rtodes, iiidicated at 106A-E, are positioned on the upper, pmer surfaces of the 
homes, for example theioofe. Note that lk»isel02P. ^ b rewive sefvices 

from the described network, and so ao network node is portioned Gnthat house. 
Although pmy hpuses ars sh^^ ui Fig. .l, it will be obvious to those skilled in theart 
that the nodes may be mounted ca structures other than houses; such as=apartment 
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building, office buiiamgs and tftefike. fefa intended that the scope ofthe present 
invention include placing nodes pn any type ofhuildmg, sfaucture or object. 

Network node lOfiE is positioned on a base station 108 comprising, typically a 
5 goring buil^ tetworfc 

Various lines of sight beh^ adjacent n «ftwork nodes ate indicated by dotted lines 
HOAdE. 



to 



15 




tffiQ$ceryere.l^^ 

to^Bmteline-of-^ght .infrared FQS Communions in a residettpal or 
neighborhood. TheiKides are easily installed and configured using** 

^«s#^|J!Pdes tp Mi^^il^^^teii^^ fine- 
on wih at least one-other node in the network The present ^invention 

be 



is directed to aprocess used to 

lion. 




There are basically three different uetwoik configurations for wireless aetwodcs. The 
first is a singtepdiirt^pbint linkj which provides a<iedi<)ated, high-capacity link 
between two terminal* The se$ppd is a^^o^uhlitaint netwprk that todudes hub 
m stauonsMdeu^^ TMstypology works by placmgthe huh 

*^<* : ««Wtaflsfi?g. Lasef signals are then transnAted in a star topology to the 
surrouiidingiufldings. These Buildings to customer 

pjtemise ^ei^p^MOuaxed pntbe ropf w placed in i 



® m&m toontattHfe lyjw of network arafiguranoo is the mesh network.: .This 
typology is an e^densioji of point4o-point Unksand js designed toprovide last-mile 
access; The mesh network is comprised of short, Teduiidanta^ 
point of failure and easurragcai^-class reliability, eyen in dense fog. The present 
invention is described in terms of a poult-to-point tnesh network topology, however it 
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linked to a poim.td^int mesh network, and may be applied to other network 
configurations. 



In a mesh networkconfiguratibni it is therefore important to be able to detennin, 



ie all 



ion, a process for 

systematically processing every node ma geographical area to determine all possible 
ruie^sigbt^itt^n^ ^ ;pr ^ iny^niioa ^ to 

!^;ag,^tf^j^^ Tlusfflecan 
10 ^ ^userf by an application to confi^% nodes fo a'FQS ^em. 

fcrne^Of-Sieht Pmcwttfoy 

i method to evaluate a tieiglu>d^ 

■ connections for nodes is 
W sbowninFig.2. The process of F% 2 is shownin more detail in the expanded flowchart 
of Figs, 3A, 3B and 3C. The high-level process .shown in Fig; 2 will be discussed first, 
then the details as shown in Figs 3A, 3Band 3C. 




20 




2Q0mFig^ 

certain variables are initialized and maps loaded into the 



2S 
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two 

any two tipdes may teifelected. After the first 
iot previously been ccMirfdweditogemer ate 
selected. As wUlobviciusto foosesiaied tntheart, there are many methods of selecting 
pairs of nodes, and the pair of nodes sdectidn process may be done by any method 
known to thtjseafciUed in the art. The loop between step 210 and step 280 is repeated 
until every combination of two nodes is considered and afl valid Hnes-of-sight 
determined. In addition, although the ihvehdve process is described in terms of finding 
i two nodes in a wireless IR networl it wiU be obvious to those 



lines'of 
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skilled in the art that the inventive process may be used to find valig-' tmobstiucted hnes- 
pf-sjght between any two points in threfdimeijsional space. The scope bf the present 
invention is not intended to be limited to nodes in a wireless network, 

nodesasshc^byttepm In this step tfaeapplicattoadetenn&es thethrW 
fm^m to^tioabfea^node, anj .flfeMftr^^ 
"XWs visual Ptoees^i$dpre^^ 
consids^ » 
ti) win* a nodemay teinsta^ 



temiWi* ths vaja||r.9f the straight £9* isce^d^ ifttefts tsdeteMned to be ft 

vriid, utwbitr^ed m -Wf toM& w ^ then it %tieeffi&*^m&%&$ 

15 stop 235, and in a preferred embodiment, also as an alternate line^^^ betw«eafhe 
nodes at step 23tf. IFit is detennuted to hot be a valid, unobstructed line-ofcaght, then it 
is. recorded that there is no valid Ime^f-sight between the two nodes at step 239 and 

: is considered beginning at step 250. 



10 Ms 



5. has 




0 



eiflbodHiient, if a node can be installed at alternative potions on a bouse 

are considered in step 250; 
r tb$ pair of nodes currently 

ato c^sidered. That^ ifiei|tier n^le 
: one^mativeplacement, the node is inovetf to alternative placements on 

s atemative wi^ : p^wde-f ^4,. 
If a valid alternative Bhen>£sight is found, the valid alternate 
i recorded at step 270; If all aJternative placeinents are considered arid no 

is hp alternative line-of- 
B continues to step2S0, wheffta new 
! : ^if^.!iiiH^flSflSi|; 
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One, all ^nations ofnodes have been considered and all valid lin^of-sight have 
been ******* and recorded, a Line^Sight table file i ? cttated arid saved at step 290 

^m^i^m^IM^m table file is «e*ed and saved at mm. The 
Lme^%htt^c^ M 4,^ 

Of-$ifiltt table winans records from steps 270,and 2£1 that record ^iry#iott r^u5ng 
ive Ihjej^jght, aMfreferably, irtfonnation sh out the line between 
placements a*te^m^iv^Jij»s-pf^sfg^t. HieLinfe 
l**Wth*^ 
I and install aewfpSn^estntiieiietwdrk. 





IS 



m 



25 



30 



201, 



' S SSSwri in !IKJi?.detaii in fig. ?Aa* flfcgsgQk 202, 20? and 204. 

twill be u$edby the process fcmake ftg lir^otiagro 

s may be set in the software code, or may 
be entered by a user; or some combination tbefeof As shown, tfaeWj^etere may 
mcjude Maximum lank Length, Horizontal Margin, Vertical Maj^in, Maximum Vertical 
An^ei Node Height and Alternative Node 



I between two 
! lit thaHhj? M&xjnttjrn; Link Length ri&y & 
'^I^SRGes, f# 
: to 400 lilacs. F# in^ con#yati^ 
i will be shorter. A sorter Maximum Lmk Length 
?r ©ther weattercpnditions will not bring the link 
down A longer Maximum Link Length results id a higher probability that two nodes can 
& connected, T$e ffori^nttl arid Vertical Wim WBinietefs are used to define 'an area 
annrod the hne^f-sigbt in which there must be no obstructibn. For instance, if the 

m 1» 1 meter afid the Vertical Margin is % tie. f^cess will enjaire 
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that no pbsMofl* to within 1 meter ofthelin^igbtiathehor^ntal direction, 
and 2 meters in the vertical direction. 



10 



TnaMaxfcmm VertTM Angle 9mmmmMbrmi^i ll i^ M ^ 
Th^Vertical Angle* of the straight to*mmmim&^m*W*k, 

TheMaxiraum Vertical Angle ensures that no lifle- 
o^|W between two nodes is con%ired such that 'l|»l^j^i^. 1 i k i n ^ 
limitation of a node. ForeXampfcmenodein^^^ " 
degrees, f ^isab^WUm^ 

sight between^ node and another iKKfeiftjfcnode would lave tobenojusM more 

an|le of |rea4er ^^^inum Vetn^ 
valid UnMf^jgbi between the two nodes. 



20 



15 WNo^Hoghtparameiefisvsedby &e invent© pro<^to^ust for we Mgbtof tlto 
node, and fpraay ofcer nodeh^ such as if thenode were to be mounted 

on a pole. ^ AtteniativeNodePJaee^ 

to ^mm^fof&m&A** placing the nodes in alternative positions on the 
underlying house ofstructure. For example, tbenodes n^y be placed ptttfae center Of the 

for the nodes from this 
entially be placed at alternative positions, 
to the north side, south side, east side 

Or^est^iBC^the Joof T^Altotfiaiy*:^^ 
calculated 



25 -in 





as will be discussed 



30 



At steps 202, 203 and 204, various maps and data are load«3 that areused by the 
invemive^ooe^ alternative iines-of-sight. The 3-Dtmensiooal 

i step 202 is a map of me area under «H^ecatic» to wmChewtty pixel has an 

jets at that pixels location. T3» City Map hi step 203 is a map of tiie area undef 
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consideration in which each pixel has anumber or code specifying the type of pixel ft is. 
(house, ^terrain, etc.). These maps are ^discussed in mpre detailin comection with 
Figs 4, 5 and 6. The Node Location Data table in step 204 isa table coi^ngafecord 
fore** eodeinthe system. The records in the Node Location Data tablepreferabiy 
store the ground wrdin^es pf the nodes 1 positions, The Node Location Data table may 
oontak additional information, such as an identifier of the house or otW structure On 
which the node is installed. 



10 



15 




^with s^ep 210, when two nodes are selepted for hne*>F-sight 
proeessii^ The visu Mo ^ 

Hlxite&m, the elevation ofeabhnode ta the <aireot pah of nodes under 

Inftpie^redeinh^finj^ hy 
I coordinates for each node from the Node Location Date table, 
Tins provides the 

bassociatedwth topositiott. Theelevationofthe nodeisdie^evatioh^f^ pi*el in 
the 3-JHmensloa«l:^ap, As will be discussed in moredetafl below, the elevations in the 
3-Dimensional Mag bavebeen adjusted fo^&e heights of the house or other sbucture 
upon which the node is installed. 




m Themrie-saaHJst^ 

t.atst^22i, Ait step 222, the node's elevation is adjusted by the 
fhls paj^etBr^as a^ired in step 20L This is done to account forth* 

determined^ ItiSthete ^ust^ ele^ 

25/ line between nodes is detennined in step 223 . 



The straight line between the nodes tmder consideration is then determined at step 223. 
Aswill be obvious to oneskuled in the arti thereare am/ nuinber of methods of " 
detennining the line between two points, and it is iraendedthat theSe methods come 
30 within the scope of the present invention 
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Next, whether or not the straight Iinebetween the nodes is 4 valid fine-6f-sight is 
determined, Thefirst validity test occurs# step 23 1. At this step, the length of the 
straight line calculated in step 223 is oonpired to the Magnum Link Length parameter 
acquired in step 201, ifthe leng^ orthe fine between the nodes exceeds the Maximum 
Line Length, tfaea k isuota valid line^f*igb4a^^ nee dto 
b? performed Inthis case, it is recorded that there is n& valid tiae^igfat between the 
two nodes in the Line^Sigltt tabte at st^ ^P^^ processing fcr the two nodes 
proceeds to step 250, where alternative node placetttent* are^de?wl. However, if/the 
length bf^e hne betweewthe nbdes te nipt exceed the ly^mum Lank Length, a 
second validi^ At step m Ofe^cal angle" of the 

straight Unebetween the nbdes, or the angle of the straight Sne to the vertical plane, is 
conned to the Alaxnijum Vertical Angle, This, te^ is performed to ensure that die 
angle to whfcfithe nodeis adjusted does not exceed the ^ capabilh^}of the node device. 
For instance, if the vertical angle Iwtween two nbdw is 20 degrees due to one node being ; 
placed oaa very low building and the other node being placed atop avery tafl buildhig, 
and foenode device is only capable of beingadjusted to 15 degrees, 0,e a&ximum 
Vertical Angle is 15), the straight fine between the nodes eanaot be a lihe-of-sight as the 
npdeswill physjcafiy bemcapable of alignment. In alternative embodiments there may 
be fewer or additional vafidity ^ made on th* straight line,,aswitl be obvious to 
1 in the art. 




ffthe length of the fine and me vertical *ng|e ofthe fine a^netliaOTtted to be within 
pnge in steps 231 and 232, then tr»proce^continuesto step 233 to deterrakewhether 
Jism unobsttucted Kne-of-Sightbetw^n the nodes, in tins step, the data in the 3- 
sional Map is usedto determine whether or notthjejs are any objects along the path 
igbt fine: between the two nodes. In order to account for small errors that may 
be in the map data, and trees and other objects that may move slightly from time to time 
pausing them to be wffiiin the Bnefof-sight upon occasion^ the ptocess "thickens" the line 
by a certain margin, firm preferred embodiment, the process considers a volume around 
the fine defined by the Hori^tal Margm and Vertical Margin, tosffect, by considering 
the Horizontal and VetoW Margins, the lurebecotoesa rfectangular ptjzmthat extends 
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between the nodes. Although a rectangular pr^ ?-deffa$Bd.^y^ V«rficstff Mtt^a aAd-^ 
Horizontal M^gin is u^ in this embodirafent, it will be obtfoiis to those silled tn the 
art that other metteds could be used to create a volume arpyrid the line. For e*ample, $ 
blinder around the line could be used instead of a rectai^ilar prizm. It is intended that 
5 ^eFnatiye itt^hpds of creaiiijg a yohtme around the line jfcme within the scope of the 
present invention. 

In a prefened embodhx^ whether * not there is an 

&*toti&b^^ the elevation of 

10 :^i»int%^ m 

paiticdar pixel in tiife 3^mei^onai M^> hasa higher elevation than tiie ^ffiickeijed ,v 
line at that point, theft th#e is an obskm&6on m that poim As^ocfc as the first 
Obstmction is encountered, it is djertkmhaed timt ^^bai^ line is not* valid lin^of- 

15 the ptoC^ prt^^x& ^ 239, >where it is raided that the sbrigfat hto be^v^ the 
nodes outently under ^a$id©Pation has an <A^ruefion, and ps^cessmg for the two nodes 
proceeds to step 250, ^ere ak^tnatw are cshsadered 

If there are no intej^ the'lhicke^" line and an obje^ in the 

20 3^T^i»^^qtiail fine is a valid lroe^*ight, and is tscorded in iliei&e^O& 

Sight table at at ap 2S1 M a ena^mentv if is also recorded in the A|teii^w 
LM^f-Sight table «^ep23& 



Asdis^^^v^^ and also 

preferably i^r#v&fcn there ^ In a preferred 

^l^ntfnrtvt^ 
TOdefc. 

An ©tmpte bf the fields aMfhni^ may he used in Hie Lin^O^Sight 
table is: 
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<1* node IDxbouse ID for i* nodexi« node x cpordinatexV" node y 
coordinate^" nc 4e oimtionx^ node!D><bouse ID for 2* nodexa* 1 node 
x coordinatex^ node y coor 

b^eeanodeSXIinklengtii> 



vatipnXnum^gr 0 f obstacles 



10 



IS 



0 



As shown in Oris example, each W^^j^^,^^ 
ID, 2^ aod^ lD),the1io^ &n which they arfe iasSlled (House ID), the three- 

^Ip^j^ftKotiM whether or not it is a valid line^f.^t j?or ©cample, in 
Bbodjteeafe if ^umher of ol^s^t^ nod^ m~ then it is a vaiid une^f- 
If<mimber of obstacles between nodes> » % then itisnot a^d line^sight. 

.could be used in the Un^ those 
ddlled in the art, and it is not i 



example. 



to this 



icatwga lack ofa, valid line-of-sigbt will not be directly used to 
pqnfigure two nodes; it can provide um>or^ : infona^ to the application By 
an also;; the application is able to use the data to determine 
Je, iDfdd^n, ^ 
is used, the LjL^ofeSjght able will also reeort thediia^ 
j is a valid I 





i 



, ifffiere is no valid lme^of-sight, alternative placements for 
1st Step 250, jme details of whicn are shownio gig, 3(? Bm ( st 

s node placements that may be 
s for iather of the nodes, the nodes are 
"moved" to alternative positions on the structure. If the nodes do not tave any alternative 
placements, it is recorded that there are no alternative iines-ofceight for these two" nodes 
at Step 271, and the process continues to step 280. 
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If there are alternative node placements to consider, the process moves to step 252 As 

<^t^VaU^ 
^^veemoodm^^^ 

placemeht, «^aU alternative %e^^ F% ^Cahows, 

embodiment where each (ambulation < 
wn^de^etltothe todpmitiia valid alternative I 



i-an 



ons to consider. 



, or there are no more 



10 In a preferred en!bodiment, alternative *bdc jiac*^<<^ 252 and 257) are 

etenmned through the Alternative Node ^cemt^ Data pai^ that specifies a 

Vto the straight ^ betweeitthe ^ lathis 

embodiiheht,;the distance specified in the Alternative Node^kcoftent Data parameter 

15 deternanes law:fer V* aM «dpWn" ^ degree of fi^edqm line to "move" the nodes. 

Tfe process «moves" the node stepwise atong the degree of fieedtotfne by the distance 

9»*W*mmm&WWmm^pi*i* e . An example of the process 
of determih% alternative i»de plaeem 

Wm tree ^tobstractiiig the fine $05. b tins example, an 
^ detenni&ed by mc^gbSto nodes mAe same direction along 
Jom fines 810, 812. In thc eswplesh^ inFlg. 8A, the resolution is 
one meter, and the Alternative Node Pljs^em Data parameter is also one meter. 

there are only two points $n the alternative 
one step up the degree of freedom line (A position), and one step down 
the degree of freedom line (B position). Using the example shown in Fig 8 A, me nodes 
iu-e:"placed"at position A at step252, and visual pr^i^ is performed withthe "nodes 

30 




25. . Berefiire, i 
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Steps 253 and 254perfonn the same pibcessing as steps 220 and 2^ discussed above 
Namely, the elevation of the nodes at the alternative pJa^ents is caJculated, the straight 
line between the nodes in the alternative placements is determined, and then the validity 
•MM Imeis considered. Ifthe length of the lineis less than raeM ^mumTJafc Length, 
5 ^ v ^*^ * less than the Maximum Vertical Angle, and there are no obstructions 
as determined from me 3-Drroensional Map, then the cinTpnt aJternative node placements 
resuhsfa, aSalid alternative Ifo^^^ which is recorded at step 270. If the current 
aI^yejMa?einent4^i^r^ 

continues to step 256, the process determine ^ combihati: 
1Q ^alt^^e^ep tfthereafeadditi^ 

^the;#eraative plac^entsre^iR ina va^imobstructed aftemative litte^o&sight, this 
is recorded at step 271. 

15 In the exampleshc^n in Fig, 8A, there are no obstructions alongthe straight fine 840 
between the nodes wh^ me nodes are plac^ 

(position- A), aiKltiierefpre mese^ Ma ^ 

alternative Hne-of-sight (assuntring that 4he line passed any dtfaer validity tests, such as 
length and vertical angle). Because position A results in a valid alterative Hne-of-sight, 
20 m*p„s^ not mad*fcr 

position B ; However, in alternative embodiments, tins prpcessmg may be perforated. 

fatte exampte shown in Fig. 8Bithe resolution is . 0^ meters, and therefore an 
Al^ativfelfede Plawmeiit Gate parameter of ! meter wpuld result in four alternative 

25 placenients for the iH|de?, ^ shflt*ii by positions e. D, Et»d % Placing the nod^ at 
Position CwcHddalsoresultinan cibstmctedlme^-sight because of tree 860, and is 
therefore not a v^4 :^^tiativ^ Therefore, ihe process loops through the 

steps again, determining-and processing Position B. In this example, placing the nodes at 
Positions D result in a valid, unobstructetl line-of-sight; and therefore Positions E and F 

30 are not tested. Tlie stra^ht Kne fo>m placing the nod^* C is recorded in the 

Alternative Line-OfS%httabte as an invalid alternative lmeH>f-sight, and the straight line 
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from placing the nodes at Position D is recorded in the Alternative Line Gf Sight tab! 
a valid dternative line-of-sight. 



eas 



10 



In the preferred embodiment as shown in Fig 8, die nedepare moved i _ 
degree of freedom line. As will be obvious to those skilled in me iirt, it is pbssiWe to 
movethe nodes in opposite directions, move only one node orhaye a different degree of 
freedom lme. Itia ah» possible that to NodePiacement Date parameter 

contains addition^ information eliminating the need for a degreeoffteedom line to 
4etennme altaaa%e node placements. It fa intended that these alternatives come within 
the scope of the priest invernkta. 



15 



•5 



3 



v ^d*minyaltt^ 

table. The format of this table is very similar to the Ltne4Df-Si^ table, vwth the addi 



fcSight table and the Akeraativeline-Of-Sight table are saved at steps 290 
and 295. These tables may men te nsed by tan application to .antornatwally setap and 
configure nodes in an lOS network, Other applicatkms will be obvious-to those skilled 
inthe ttt Mdare intended to ^me v^n the scope bf-th§ prtsent ihyention: 




i on geographic terrain information for the area under 
consideration in onler to make the^^ m a prefrrred 

embMifhent, a Gity Map of th^^un^^^^^^ ^ identifies every 
pkel as being apart of the tenranij part of a house orpartof a tree. In a preferred 
«Wjo4«u^^3?I»mtaad 

elevation based on the elevation of me terrain adjusted for me estimated heights of 
houses* trees and ofoer objects. These inaps ato menns^ by meLme^Of-Sight " 
determination process as de^hed above. The process for crating the City Map and the 
3-Dtmensional Map is shown in Fig: 4. 
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As shown, at step 401, a Tree Map file is loaded, and at step 402, a House Map is loaded 
Trees and houses are the two primary things to consider when detennining lihes^ftsight 
as the nodes are installed on the houses, and it is the trees and other houses that tend to ' 
ohstmetlines^gltthetwe^n^ AswiU beob^^.toffio^^ffledihtheart, 
additional Jnaps may fee loaded in orderto create the City Map and the 34>uneHsronal 
Map files, for exaippie, there «6idd l 
malls, water towers, etc. 




office buildings, 



shown in rnore detail in Figs. 5 and S, and discussed iadefail below. 



are 



At^4!&thei^^ 

a City Map. ^ CityMap identjfies aad marts eadtpj^i in the area as befag a Treei 

mm or Teitaih RDtek In thel^e^Sigta det^^ 

^M|pw&ial^ 

obsftudions for tpoteatiaitti^i^ (tree or house). As will be obvious to those 
15 sMned in the art fl?e Gity Mapis not Kinited to houses and trees, and may take other 
physical objects and factors into consideration; At step 415, the ^ City Map is saved to a 
file. 

At step 420, object height data is loaded. Tins data may qe entered by a user ffirotigh an 
20 interface, and/or may t» set m thes^tware. Bta preferred erebodiineht, default values 
ate set, but auserrnay eliange tla value, ta one em]>odimei^ever^^ 

vaiue fer tree fcagbt is entered or loaded. For 
. example, a user may enter* value of 20 meters for trees. ^^^soam^0■mU■ 
as^medtbbeofthesame height. For example, ausermay enter a valne of 9 metersfor 
2§ ahoifce, Ihalte^ve embtjolrr^ 

and different heights assumed accordingly. Thesedifferent types of heigb^ assumptions 
may be made based on the color pfthetieeor house,, or other factors. 

At step 430, the actual Digital Elevation Models (DEM) for the area under consideration 
3Q are loaded. Tjje3^ data ^ Department cf the Interior, or 

from any other source known to those skilled in the art. The DEM provides elevation 
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20 



information forthe teirain under consideration. That is. the elevation of tne terrain is 
provided in the DEM with a gi ven resolution; This elevation is typically in the Form of 
meters above sea leveL The DEM elevation data is combined with the City Map to 
extaet out the elevation data for each pixel within the City Map. The exacted elevation 
MfcMtfNMtttUft the Object Height Datodf step 420 to geoerate adjusted 
delation ; datafor each pixd St sxep 440. fqc temple, font the DEM date* it is 
d^enmW^the elevation of * particular pixel is 200 meter? above sea tevet From 
the City Map, ft detenniaed that rae^el has been determined to be part of a tree. 
Thefefofei ff in a jwrticular area -t^^-s^aagA to be2p me^re talj, this pixel's 
mm €4ey^on4s calculated to bo ^O ideters, the type of pixel and the adjusted 
elevstiou is saved, to the 3.DimensfojBal Map. Ajtotlyfcpi&l has b#i detfertnihed to be 
terttfia, Tfel^:fort&jS pixel provides that it is MS mebts^above s«a level Tenant 
pixels are typicaUy asrarae^ 
adjusted elevation is calculated to be 195 meters: 

At step 450, a 3-Dimensional Map file is saved. In the City Map, every pixel is identified 
by type (bouse, tree or t«n^)i iand m every pixel has an 

a^usted eleyatioa. These, tnapsprOvadebajsic ^formation to tije'line-o&sight 
deteimiiia^|Hocess.deacn1)ed above; described k tbs Imerof-si^ht detennmadon 
proce^ ^ iinBraaation is ^ used to geaae^ valid un^o&agm between node* 



Fife 5 sbows toe process for generating the Rouse Map used by the LnuwOf-Sight 
determination process. At step 501, an aerial image of tb^a^yt^x^deia^n is 
Idadeot T^ h^e inay.be. geoeEated by aerial photogn^y; for .example. TypicaMy, 
25 ea<*.pixel in the image r^e^ one taeter. |n a pj^rreqVembodiment; the.aferial image 
is a color image. 



At step 505, street data for the area under consideration is loaded. This map is preferably 
a standard electronic street map thai may come froth many different sourcesvSS.will be 
30 known to those skilled in the art For example, the map may be a TeleAHas map. 

Companies such as Tele Atlas and ESRl provide detailed street maps of the United States 
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15 



and beyond. These maps include data such as street 



postal addresses. This information is used to identify houses. 



names and locations, and rough 



!inatcbed with the aerial 



At step 520, the edges of the streets j 
5 Typ^ly, theslanaard streethWsegments m the street < 

: step 520. 



image, Fig. 7 illustrates a preferred method for i 



Standard street data consists of lme segments that «iHe^ the ater lin 
imm^mmm Sf «ne segment endpoim coordinates. Standard street data also 
ly^ioalfy jaTovides in%ina^ sfa*« segme^such as category of 

Cte, local tm, highway, etc.^ street name^ and^ iasge of str^a^djesses 
cov^bythe sagtofent Street dmatso typically mcltides tfae.cobidina^ 
re^feseht so^ intentions, tat^^ 
fioordin^es are tiie nodes and str^ are the ana. Tte algorithm shorn to Fig 7 

iwowdes a method fer updating t^^ such tiiat the segments more 

fin theaerial image, leaving the graph topology unchanged. 



20 



25 



f 521 and 522 are initialization steps, in these steps, statistical models ^street 
^^and for ^st^ color ale calculated; Typica%, : manttalTy provided image 
locations that «mtain st^ 

may he done by any meti^ khd^n to mdse slojled in me art. A preferred probabilistic 
model usesahfotare of GaUssians d^biMon teehm^desoSie 

Once mese two^statM 
pkelinaaiinageha^ 
a non-street respectively can be computed. 



At step 523, a street segment isselected for processing Ideally, a street segment should 
lie in the middle of the corresponding Street in theaerial image. The current placement of 
30 the street on me aerial image is compared to the color ofthe {lixels atthepoint of 

placement. At step 524, the probability Py that the current segment is aeeuiateiy placed 
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along tip center pf the com^pndiflg street in the. aerial image is computed by comparing 
te-<»P^^^W1fr^W^. klt to i ^ Given the current 
estimate of segment location and the width of the street internal from die street category, 
me algorithm computes which pixels in the image should contain street and which ones ' 
5 should contain non-sfreet. P, is computed accumulating the prob^ilfties Of color values 
ofmepixelae^eato 

©greeted to belong to non-street uso^ me i^bablliafet of street colo^aod nOn,street 
color confuted in steps 521 and 522. 

IQ; To diateiihme^flie duTection ia whtch to shift the street, ^ $tej> 525, the gradieiit of the p 
obmgiited; ^^parametenK^gment*^ 

&*4*^&mmm&m& mUe^nip&shed by calculating ai^cnaoflai 
force vector Fs proportional to such gradient and applyingF* to both segment endpoints 
15 at step 526. This analysis is repeated for all street segments. 

At step 528, a cumulative force vector Fj is computed for each mtereectido, Fj is 
computed by adding all forees^r all segments converging in an intersection At step 
52$; each segment endpoint &sbified by a quantity proportional /t^-ttnvjWfl&tg 
20 that point. 

Steps 523^529 are repeated nnnl thevaUw of me?laigest segment shift computed in step 
.529 is b^ a piede&ed thre^ld. Thisthreshold way i» entered by a user, or may be 
set in an application. Tnisgradwnt <^mb^ tedhniqae ^maxima in 

25 the ereM>tltty P«SS>r s^ment is reached, However, 'in some siniafions such local 
maxima does not correspond to the center lane location in the aerial &nage Under such 
circumstances, the user may manually input the correct segment endpoint locations. 

At step 530, the updated street data is used to segment me iraagearea into elementary 
30 city blocks: Tbese blo^s are ciphered one by one to is the 

loop that begins with step 540. 
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For each block, pixels are clustered into ^.ii^pf^ilbfta^^fc^,^ 
sh o wn by step 550, Thfesesectious of uniform color and texture may then be identified. 
For example, a secttoa may be a rpbg or a tree; 
the aft may be used to cluster the pixels, fa a preferred 
segmentation a%orithm may be used 
those sfculed m me art, other algorithr^ used to : 



As wilt be obvious to 
andiHs 

invention. 





10 



15 




hitl* WlJ^etftecfc^ j 
image is segmented into regions of tmiferm color with j 
tefchhiguHp^^ 

ara tonjsidjfted. 11^ pixels^ are shnilar fa #B&*B&imH&matfaL xhe 
regiim'sae%hborimjprxeis are considered, «rtaiy -^awfe^.*^.]^ are blended 
imo tbe reg^t^ arjd so forth. In operation, this technique woiits nmch like the Bucket FrD 
tool in photo edith^ software. This pto^assj^ is performed unfil the entire i 
rented into regions. 



20 



25 



At step 56t>, the regions or sections are o^ermined to either be part of a hpnse prndt be 
&*^ * &m$ U& i&U ^ patticular s^^ and Of me area under 

consideration fa general. These characteristics may ioclu# color, shape, area, distance 
frbfa me ^eet, >rM distance from the close* house. For sample, it may be known that 
touses fa^ai^undet considerationare afl at least 15 metmfrom the street. Tfas 
•y*»oiyifift^tl4)ftased to determfae whether a certain sectioa sl»uM be*onsidered to 
beahouseornot. 



Once all blocks have been afiatyzed^ faelfouse Map issaved at step 580. The House 
Map file preferably <»ifca^ arecortf for each pixel, fa o^e embodiment, each pixel is 
assigned a code number that signals whether the pixel is part of a house or not. For 
30 example, if the vafaeof fae cc^erufaiberfor a pixel is zei£, to<m it isnotahouie. If the 
value of the code number for a pixel is a number other than zero, men the pixel is part of 
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a bouse > aod * ev ^ ue of * e code number preferably identifies which house. In * 
preferred embodiment, every house in the area under consideration is identified by a 
number. 



5 Fig. 6 shows the process 
is used by the 3 



the Tree Map file. Iifce the House Map, this majj 
4) to label certain pix^ses 



IP 



15 



20 



25 



30 



As shown in Fig. 6A» tfaeaerial image is loaded at ^ep oX)!. Jn j 
this is the ^ hina^lb^ fe used in the Map creation process, although Cerent 
images may be used. The process w^ tfesn identify pi^able trees at step fil O, and 
probjfcfetrtfcsh^^ m details for each dfti^ stas is also 

shown in greater de^l in Fig, 6^ S^s mmmt^^^c^^a^^^ 
or in any sequential order. 

As shown, the process forideni%ing*ees in step 610 begins with a user identifying 
Sfcnple ti^ wthittthe ih^ The number of trees that need to be identified 

varies for different regions, IPaUoftije trees witijin a certain ares tend to be of the same 
type, then only a f^w need to be identified, however, if many ^ous^of treesiare 
kt^ae^atim^ 

be given any standard iaWulc^n took to identify in the aerial image. For 
example, the us& a^ Many different 

methods are^nowa to those skated k tb*>ac£*ad arelo^dea to qom 
! present invention. 



At step 612, aModel of normalized tree color is created to determine the average tree 
color. This model should provide a statistical descrhition of tl» tree color. That is, the 
model should beable to provide* statistical probability that apixel with a certain color is 
a tree. In one embodiment, an average of all tree colors is used as the model. However, 
in areas where mare we multiple types of trees, the single average color will notprovide 
the best model. A preferred n^eBng technique in tiie present invention is a Mixture of 
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Gaussian Distribution used in 3-dimensionaJ 6ofor space. which is a purred probability 
distribution modeling technique fer modeling natural phenomena where the samples 
distribute in a multimodal fashion; 

5 lor mmmm^^mmat^ toreare two primary types of trees- oueis 
very light green in color and to other is yery dark green. Tal^^av&age would xesult 
in a medium green model, which would not reflect the tru« color of the either type of tree 

Mwniire of Gs^ the way color values 

disltfbutein ^-dimensional space. Using this technique, the 3-dimensional space (hue 
40 saturation. <^Mm®&mtim® m*®*, whefe^duaeris^ Gaussian 
model with* certain probability atta*e4 tolt In the gtved example, there wUl be two 
^6 pFcliiisteEs - «4)gitt jg^^ ^loi«id da^er <me type of txee, ; 
colored cluster for the other type of tree. 

15 ThisModel is theniised instep 613 to estimate the pi^babiltty that a given pixel is a tree 
or not. The oveiah probability will be the linear combination of proijabilitiesof 
beld^gmg to each plusretv .each -weighted by to overall cluster probability. Noise is 
removed in step614 by a low pass avetagrag 

20 %a^speiforined mstej>629 ire i^i^to thfe steps m step 61«5 ; l?ifst examples of 
treecshadows m to image are identified at 621, AModel of monetized tree shadow 
cole* is tteated- at step 622. This Model is used to estimate the probability that a given 
pixel is atree shadow or not After detetmiidng which pi^ & 
renSoved. 

25 

At step 625* to user inputs to probabledirection of to 3pru In a preferred embodiment, 
touserdet^mines toipj^b^ du^oh of the sun from the date of to year and time of 
day that to picture waslaken* to estimate to direction. ThismfoTmatiqn is typiially 
provided by the company thai provides to aerial image, hi an alternative embodiment* 
30 the user can estimateto direction of the sun from to shadows on to groiind in to 
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actual picture. The shadow probability map is then updated using this iafonnatiot. at step 
.626 creatinga lifted tree shadow map. 

Once a tree probability map and a tree aadow probability map have been created, a map 
5 that correlates the tree map and the tree shadow map is generated at step 630. At step 
646, attee^ldkdefined forthe con^^ map. TO* threshold value may be fixed, or 
it may be cdn%irable by the user. Then, at step 650, pi&fethat hav^ aprobabiHty value 
mghw tl^ the}thresb6ld are labeled as trees. The Tree Map is saved at step 660. The 
fofinat of the Tree Map fite is similar tos|b«&c^M Map file, BwhpweJ is given a code 
.1$ number. F<^sxarapte, if tixi code numbeffor a given |iixel is I, then the pixel has been 
deternuned to be a tree. Iftbe code immper for aghteh pad isr Q, men the pixel has been 
determined to not be a tree. 

In Fig. 4, theTreeMapand^a^M^mesarfewnd^ to create a single City 
15 Map, The format of uib file is similar. For esampie, each pkel in the Chy Map file may 
also be assigned a code^umber. In one embodhpeini ti»fp|xd- s cede number may be 0 
ifthepixel is part of the terrain,-! is the pixel is a tree, and a number from 1 to N that if 
the pixel is a house. In the case of bousepixels, the codemimber also provides the 
identification number of the house. 

20 

While the invention has been described in detail Sndwitb reference to specific 
ejhbWimiem« thereof,:h will be ap^areat tb bnesfciiled in flie art that various changes and 
modifications can be made therein without departing from the spirit and scope thereof. 
Thus, Hisintended that the present invention cover the modifications and variations of 
25 this invention provided they come wrthln the scopeof the appended claims and their 
equivalents. 



30 
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